Objective: To validate a diet history questionnaire (DHQ) using a weighed food record (WFR) as the standard method in the estimation of food consumption and nutrient intake in a group of adults. Design: WFR: all foods consumed by subjects during 7 consecutive days were weighed and recorded by nutrition students. Two DHQ interviews were carried out on days 1 (first diet history questionnaire, DHQ1) and 28 (second diet history questionnaire, DHQ2). Setting: Costa Rica. Subjects: Sixty adults: 30 men and 30 women; 30 living in urban and 30 in rural areas. Results: In comparison to the WFR, the DHQ1 gave statistically significant higher estimates of the mean intake of 19 nutrients for men and of three nutrients for women. The uncorrected correlation coefficients for nutrient intake according to both methods ranged from 0.40 to 0.83 for males and from 0.22 to 0.62 for females. Percentage of subjects classified in the same quartiles of nutrient intake according to each method ranged from 33.3% to 63.3% for males and from 23.3% to 53.3% for females. Misclassification in extreme quartiles ranged from 0% to 13.3% for both sexes. The mean food group consumption, according to the DHQ1, when compared with the WFR, gave statistically significant differences for three of the 18 food groups for men and for two groups in the case of women. The two applications of the DHQ gave similar results. Conclusion: Validation of a DHQ using a WFR as the standard method gave results that compare favourably with those reported by other authors. This study found important differences in the response of men and women to the DHQ: among men, the estimates of mean nutrient intake from DHQ1 were significantly greater than those of the WFR, while in the case of women, the mean nutrient intake estimates from both methods were not significantly different. There was a higher degree of correlation between the DHQ1 and the WFR mean nutrient intakes among men than among women. The DHQ showed good reproducibility.
The health and nutrition situation of the Costa Rican population is one of transition. The health indicators show a reduction in the incidence of childhood infectious diseases and an increase in chronic diseases among adults 1 , a transformation that is associated, among other things, with changing lifestyle patterns and, more specifically, changes in diet.
A few studies have been carried out in Costa Rica on the relationship between diet and chronic diseases. Data have been published on the prevalence of cardiovascular risk factors 2 , cervical cancer [3] [4] [5] and gastric cancer [6] [7] [8] [9] [10] , which is of special interest as Costa Rica has one of the highest incidence and death rates for this type of cancer in the world 11 .
The study of diet in epidemiological research requires methods that measure food consumption over the longer rather than shorter term, which can be applied to groups with different characteristics and not just those who are highly motivated and that do not incur high costs. Interview-based methods such as the diet history questionnaire (DHQ) and food frequency questionnaire (FFQ) are likely candidates. The latter has been applied in several studies of diet and health and recently in Costa Rica 12 . However, use of the FFQ has been questioned by some researchers due to insufficient precision [13] [14] [15] . Use of the DHQ has not been reported in this country. The DHQ was first described by Burke 16 and has since been reported in the literature with variations in its structure. Although it is also interview-based, the DHQ offers the following advantages over the FFQ in that the subject describes, in an unstructured manner, which foods have been consumed rather than being limited to a predefined list; food consumption over the period in question is described for each mealtime rather than on a daily basis and probing questions are used to aid the subjects' capacity to remember items consumed.
Responding to a need to develop and validate methods that can be used to study the relationship between diet and disease in Costa Rica, this article presents the results of a validation study of an interview-based DHQ, with a 7-day weighed food record (WFR), collected by undergraduate nutrition students used as the standard method.
Methods

Sample
Data were collected from 60 adults: 15 men and 15 women from a rural community, and 15 men and 15 women living in urban areas. The subjects were selected according to the following criteria: (a) Costa Rican; (b) between 20 and 65 years of age; (c) if not literate, lived with someone who was literate; (d) in the case of the rural residents, formed part of families whose income depended, in part or totally, on agricultural work. Convenience sampling was used: in the rural area, subjects were contacted with the help of a primary health worker who asked people in the homes he/she visited whether they would take part in the study. In the urban area, two nutrition students visited people living in their neighbourhood, inviting them to participate in the study.
Data collection
All the interviews carried out for the DHQ were performed by the investigator. The data for each subject were collected during a 4-week period, from February 1996 to March 1998. The WFR was performed during days 1-7, the first diet history questionnaire (DHQ1) on day 1, and the second diet history questionnaire (DHQ2) on day 28*. In the case of the WFR, the nutrition students weighed ingredients of food preparations, food portions as served and plate waste, visiting the house during preparation and consumption of meals. In some cases, where another member of the household was able and willing to assist in the data collection, they were trained to weigh foods consumed by the subject when the nutrition student was not present. Soehnle scales (sensitivity of 1 g and capacity for 2 kg) were used. Whenever possible, foods consumed outside the home were weighed before consumption.
However, when this was not possible, the students visited the site and weighed a similar portion of the same food. On some occasions, it was not possible to weigh the ingredients of preparations consumed away from home, and published recipes for the same preparations were used. Subjects were weighed using bathroom scales on the morning of days 1 and 8. Their height was measured on day 1.
Diet history questionnaire
The DHQ used in this study consists of the following six stages: (1) The subject is questioned about how usual food consumption over the past 4 weeks is, as compared with earlier periods. (2) The subject is asked to describe foods and drinks consumed over the past 4 weeks at each mealtime. The interviewer records the information without interrupting, and when the subject has finished, asks whether foods that are common in the Costa Rican diet and not mentioned were in fact consumed. (3) The interviewer asks the subject to describe the frequency with which each item was consumed, using the following sequence of questions: The interviewer asked the subject to describe the usual amount of each food eaten, using number of units, dimensions, photographs of food portions 17 ,* homely measures or amount as specified on food labels. (5) The interviewer asked the subject to read the names of foods and drinks on four series of cards in case items had been consumed and not mentioned. The four series of cards are for fruits, sweet snacks, savoury snacks and drinks. (6) Recipes for frequently consumed preparations were described by the subject or the person in charge of food preparation. Each interview lasted 1-1 1 2 h.
Data analysis
All 60 subjects completed a total of 7 days of WFR and the two DHQ interviews. The estimated amounts of foods consumed according to the DHQs were converted to gram weights by the investigator using local tables of food portion sizes 19 and using the weights of foods displayed in photos 17 . These amounts were multiplied by the frequency of consumption, resulting in estimates of the amount of each food consumed during the 28-day period. The addition of codes for each food for the DHQs *The number of days between the two applications of the DHQ ranged from 25 to 35. *This publication contains 114 series of between three and six portion sizes for a total of 91 different foods and preparations commonly consumed in Costa Rica. The portion sizes used for the food photographs were determined in a previous study18.
was performed by three nutrition students and, in the case of the WFR, by a fourth nutrition student, all of whom were previously instructed by the investigator. All food consumption data (DHQs and WFR) were converted to nutrient values using Central American Food Composition Tables  20,21 and software created in Epi 2000 22 . The nutrient intake estimates for the DHQs were expressed on a per day basis and the average daily nutrient intake for the WFR was calculated. Statistical analysis was performed using SPSS, version 12.0 for Windows (SPSS Inc., 2003) . The nutrients with a non-normal distribution were converted to natural logarithms. Regression analysis was performed using the difference between the WFR and DHQ1 nutrient estimates as the dependent variable, and sex, age, area of residence and body mass index (BMI) as the independent variable. Nutrient estimates were compared using the paired Student's t-test and the degree of association was measured by the Pearson's correlation coefficient. The within-and between-person variance was calculated for the WFR using a repeat measures analysis of variance. The consumption of food groups was compared by the Wilcoxon's signed ranks test and the degree of association by Spearman's correlation coefficient. The ability of both methods to similarly classify individuals in quartiles of the distributions for food groups and for nutrients was also examined.
Results
Study group characteristics
The socio-economic characteristics of the study group are provided in a previous article 23 . There was no difference in average age and educational level of men and women. Rural residents had spent less years in formal education, a higher proportion of them were unskilled as opposed to skilled workers, and received a monthly income below 250 US dollars. No association was found between being overweight (BMI . 25 kg m 22 ) and sex, or between being overweight and area of residence (x 2 ).
Regression analysis
The results of the regression analysis of the effects of the variables sex, age, area of residence and BMI on differences between the WFR and DHQ1 nutrient estimates showed a significant effect only in the case of sex, and for the nutrients folate, total fat, monounsaturated and saturated fats. A second regression model was performed, with the difference in WFR and DHQ1 estimates for the four nutrients as the dependent variable and sex as the independent variable, the results of which are presented in Table 1 . This analysis shows that the differences in estimates of folates, total fat, monounsaturated and saturated fats between the WFR and the DHQ1 are significantly greater in male subjects.
Estimates of mean daily energy and nutrient intake Table 2 presents a comparison of the estimates of energy and nutrient intake by the WFR and the DHQ1, according to sex. For males, the DHQ1 estimates for energy and all nutrient intake are higher than those of the WFR, and the differences were statistically significant in the case of 19 nutrients. In the case of females, the DHQ1 estimates were higher than those of the WFR for 17 nutrients, with statistically significant differences for three nutrients. It can be seen from Table 2 that the mean differences between the two estimates of nutrient intake were considerably smaller for females than males, but the standard error of the differences for males and females were of a similar magnitude. For the entire group, the DHQ1 mean nutrient estimates were significantly different from 16 of the 22 nutrients (data not shown). When the mean daily energy intake of each individual was compared with the value calculated from the BMR 3 1.2, 16 subjects underreported consumption in the WFR, of whom 10 lost weight during the week when the WFR data were collected. When the same procedure was carried out for the DHQ1 data, 17 subjects were identified as underreporters. No association was found between the variable underreporting (in the WFR or the DHQ1) and with being overweight, or with sex or area of residence. However, those individuals who underreported with the WFR were also more likely to underreport with the DHQ1 (x 2 P , 0.05). The ratio of within : between person variation as calculated from the WFR data is presented in Table 3 . The ratio is greater than 1 for total and individual fats, dietary fibre and vitamins A, C, B 2 , B 6 and B 12 . Also presented in Table 3 are the Pearson's correlation coefficients for the DHQ1 and the WFR, according to sex. For all nutrients Validation of a Diet History Questionnaire except dietary fibre and vitamin C, the correlation coefficients are higher for males than for females. The uncorrected correlation coefficients between the WFR and DHQ1 for males are all significant and range from 0.40 to 0.83. In the case of females, the uncorrected correlation coefficients for the WFR and DHQ1 range from 0.22 to 0.62, with 16 coefficients reaching statistical significance. The uncorrected correlation coefficients for the entire group of subjects ranged from 0.38 to 0.78, with 11 of the correlation coefficients being above 0.7 and 20 being above 0.5 (data not shown). All the correlation coefficients are increased by correcting for the ratio of within : between person variation. Between 33.3% and 63.3% of the males were classified in the same quartiles of the distributions of DHQ1 and WFR intakes (Table 4) while between 0% and 13.3% were misclassified in extreme quartiles. In the case of females, between 23.3% and 53.3% were classified in the same quartiles while 0-13.3% were misclassified in extreme quartiles. Table 5 presents a comparison of food group consumption* as estimated by the different methods, according to sex. Three food groups were significantly different for males and two in the case of females. The largest percentage differences were found for nonstarchy vegetables and fruits, with the DHQ1 overestimating their consumption. The Spearman's correlation coefficients between DHQ1 and the WFR were statistically significant for 10 food groups for males and for 11 food groups for females.
Between 16.7% and 60.0% of the males were classified in the same quartiles of the distributions of DHQ1 and WFR food group consumption estimates (Table 6) , while between 0% and 20.0% were misclassified in extreme quartiles. In the case of females, between 20.0% and 63.3% were classified in the same quartiles while 0-16.7% were misclassified in extreme quartiles.
The two applications of the DHQ gave similar results (Table 7 ). Significant differences between the nutrient estimates by both questionnaires were observed for one nutrient in the case of males and for three nutrients in the case of females. The correlation coefficients are all statistically significant and range from 0.49 to 0.89 in the case of males, and from 0.51 to 0.74 for females ( Table 8 ). The range of correlation coefficients for the entire group of subjects ranged from 0.6 to 0.88 (data not shown). *Two food groups (pork meat, nuts and seeds) were not included as the majority of subjects did not consume foods from these groups.
Discussion
In comparison with the WFR, the DHQ1 gave statistically significant higher estimates of mean intake for 19 nutrients in the case of men and for three nutrients in the case of women. Underreporting in food records has been identified as a source of error [24] [25] [26] . It was also detected with the DHQ used in this study and occurred in a similar proportion of subjects. There was a significant tendency for the same subjects to underreport in both methods. Other studies have observed a greater tendency to underreport among overweight subjects 27, 28 . Such a tendency was not observed in this study.
Six other studies were identified in the literature that compared a similar type of DHQ as used in this study (consisting of open-ended questions on foods consumed at different mealtimes) with food records [29] [30] [31] [32] [33] [34] . In the study by Landig et al.
33
, the DHQ was completed by the subjects using computers, and in all the other studies, interviews were used. The study by Harbottle and Duggan 34 involved children while in all the other studies the subjects were adults. Borrelli et al.
30
, Mahalko et al. 29 and Petersen et al. 31 compared the DHQ with estimated food records, and Black et al.
32
, Landig et al. 33 and Harbottle and Duggan 34 used WFRs. The number of days of Food Records varied between the studies: Borrelli et al. 30 , Petersen et al. 31 and Harbottle and Duggan 34 used 3, 4 or 5 days, Mahalko et al. 29 and Landig et al. 33 7 or 8 days,* and Black et al. 32 21 days.
As none of the above-mentioned studies present their data according to sex, a comparison with the results of the present study was only possible by re-analysing the data for the entire group of 60 subjects (data not shown).
The results from this study are similar to those presented by Borrelli et al. 30 in that significant differences were found for approximately two-thirds of the nutrients analysed. Petersen et al. 31 found significant differences for almost all the nutrients analysed. Other studies reported that approximately 40% of nutrients analysed were significantly different between methods 29,33,34 . Black et al. 32 found no significant differences between the two methods for energy and protein, the only nutrients analysed. This study found that the DHQ gave higher estimates of nutrient intake than the food record. This phenomenon was also observed by Harbottle and Duggan 34 , Borrelli et al. 30 and Petersen et al.
31
. In the studies by Mahalko et al.
29
, Landig et al. 33 and Black et al. 32 no such tendency was found.
The uncorrected correlation coefficients found in this study for the entire group of subjects ranged from 0.38 to 0.78, values that were generally higher than those reported by Landig et al.
33
, Borrelli et al.
30
, Mahalko et al. 29 and Petersen et al.
31
, and similar to those reported for energy and protein in the study by Black et al.
32
. The method used to correct the correlation coefficients in this study has the limitation that the estimates of within-person variation were based on data from 7 consecutive days of the WFR. As the within-person random error in consecutive days is correlated, this can introduce bias into the corrected correlation coefficients. For this reason, reference is made only to the uncorrected correlation coefficients. *The DHQ in this study also referred to the same 8-day period. WFR -weighed food record; DHQ1 -first diet history questionnaire; SD -standard deviation. * P , 0.05; ** P , 0.01; *** P,0.001.
-Two food groups (nuts and seeds and pork meat) were excluded due to a large number of zero values. WFR -weighed food record; DHQ1 -first diet history questionnaire. * Two food groups (nuts and seeds and pork meat) were excluded due to a large number of zero values. DHQ -diet history questionnaire; DHQ1 -first diet history questionnaire; DHQ2 -second diet history questionnaire; SD -standard deviation; SE -standard error. * P , 0.05; ** P , 0.01; *** P , 0.001.
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-Values converted to natural logarithms before performing Student's t-test.
Van Staveren et al.
35
, Schmidt et al. 36 and Wheeler et al. 37 have also published the results of reproducibility studies for the DHQ. While Van Staveren et al. 35 and Schmidt et al. 36 used a DHQ that was meal-based and consisted of open-ended questions on food consumption, Wheeler et al. 37 used a questionnaire that was completed by subjects and consisted of a list of possible food to select for each meal, with the possibility of adding other foods consumed. The time between the two DHQs was 1 month 35 , 4-6 weeks or 3 months 37 , and 1 year 36 . Van Staveren et al. 35 and Schmidt et al. 36 found no significant differences between the two applications of the DHQ. However, Wheeler et al. 37 found that the majority of nutrients were significantly different between the two applications of the three types of DHQ when applied 4-6 weeks apart, and a small number of significant differences for one of the same DHQs when applied 3 months later.
The correlation coefficients for nutrient intake reported in these reproducibility studies were in the range 0.67-0. The range of correlation coefficients found in the present study (0.6-0.88) is similar to that presented by Van Staveren et al. 35 and higher than that in the other studies.
The true degree of similarity between the DHQ and the WFR is probably greater than that reflected in the comparison between DHQ1 and WFR, as they cover different periods of time. A comparison between the WFR and DHQ2 was not performed as the subject's attention was drawn to their food consumption during part of the 4-week-period covered by DHQ2. Although the subjects did not participate in the WFR data collection, they did carry out a 4-day and a 3-day estimated food record during the first 10 days of the 4-week-period 23 . This study found an important difference between male and female subjects in their response to the DHQ. The mean nutrient estimates from the DHQ1 were closer to those of the WFR in the case of women as compared to men; however, there was a lower degree of correlation between the nutrient estimates from both methods among women than among men. This result could not be confirmed as the other validation studies of DHQ did not present the results according to sex.
The mean food group consumption according to the DHQ1, when compared to the WFR, gave statistically significant differences for three of the 18 food groups in the case of men and for two groups in the case of women. The food groups that presented the greatest per cent differences between the two methods were nonstarchy vegetables and fruits. These food groups are generally considered as healthy foods by the Costa Rican population and this could be the reason for a conscious or unconscious overestimate in their intake by the subjects when responding to the DHQ.
The performance of the DHQ used in this study is superior to that commonly reported for FFQs. Nelson 38 presents the correlation coefficients obtained in 12 studies which compare FFQs with 'standard' estimates of nutrient intake. In only one study were the majority of correlation coefficients equal to or above 0.7. This could be due to any of the following differences between the two methods: the subject's response was not limited to a restricted list of foods; the DHQ used a meal-based structure that facilitates the subject's response; the probing questions allow inclusion of more easily forgotten foods; more time and techniques were used to help subjects estimate amounts of foods consumed; recipes for more frequently consumed preparations were described by the subject. However, the use of DHQs is more expensive than FFQs because of the longer interview time and the use of trained interviewers. This disadvantage can potentially be overcome by the use of computerized versions of the DHQ 39 .
Conclusion
This study found important differences between men and women in their ability to report food consumption by the DHQ. Among men, the estimates of nutrient intake from the DHQ1 were significantly greater and more highly correlated to those of the WFR, while in the case of women, the nutrient intake estimates from the DHQ1 were not significantly different but were less correlated to those of the WFR. The level of agreement between the two methods for the group of 60 men and women compared favourably with results reported by other validation studies of the DHQ. The DHQ showed good reproducibility. 
